Objectives: to investigate the activity of matrix metalloproteinase (MMP)-2 and -9 in asymptomatic abdominal aortic aneurysms (aAAAs) and ruptured abdominal aortic aneurysms (rAAAs). Design: cross-sectional study. Materials and methods: MMP-2 and MMP-9 activity was estimated in biopsies from the anterior wall of 60 AAAs using gelatin zymography. There were 20 medium-sized (diameter 5<7 cm) aAAAs, 20 large ([7 cm) aAAAs and 20 rAAAs. MMP activity was quantified using a laser densitometer and expressed as arbitrary units (au). Results: mean (SEM) MMP-9 activity was significantly lower in large aAAAs (1190 au ±247) than in rAAAs (2647 au ±498, p<0.05). There was no difference in MMP-2 activity. Conclusion: High MMP-9 activity in the AAA wall is associated with rupture.
Introduction
to the normal aorta. 11 MMP-9 is produced in mononuclear cells in the AAA wall. 12 Different MMPs may The development of abdominal aortic aneurysms be active at various times during aneurysm formation, 13 as the expression of MMP-9 mRNA was found to be (AAAs) is characterised by inflammation, degradation and remodelling of the aortic wall. The predominant significantly higher in asymptomatic AAAs (aAAAs) 5-6.9 cm in diameter, compared to smaller and larger proteins of the aortic wall are collagen and elastin, which provide the structural integrity and the main AAAs. 14 However, aAAA is a heterogeneous group, containing aneurysms in different stages of de-mechanical properties of the normal aorta. 1 Histological studies demonstrate significantly altered archi-velopment, not only in relation to size but also to the extent of matrix destruction. Hypothetically, larger tecture of the aortic wall in aneurysms, with disruption and fragmentation of elastin fibres and aAAAs comprise a selected group of aneurysms, which retrospectively had a low risk of rupture and ruptured disordered collagen deposition. Elastin degradation is believed to be a primary event in aneurysm formation, AAAs (rAAAs) represents aneurysms which had a high risk. By analysing these two groups of AAAs, it 2 and the elastolytic activity in the aneurysm wall is increased compared to normal aorta. 3 Regardless of may be possible to reveal factors related to rupture.
The aim of this study was to investigate the activity aneurysm size, elastase activity has been found significantly higher in ruptured than in non-ruptured matrix metalloproteinase (MMP)-2 and -9 in aAAAs and rAAAs using gelatin zymography. Activity in aneurysms. 4 Gelatinase A (MMP-2) and gelatinase B (MMP-9) are involved in aneurysm disease [5] [6] [7] and both large (diameter [7 cm) aAAAs and rAAAs were of special interest, to investigate whether MMP activity are capable of degrading the same matrix substrates, 8 among these elastin. 9,10 MMP-9 appears to be the may be related to AAA rupture. predominant proteinase in AAAs in terms of mRNA expression, and the ratio of MMP/tissue inhibitor of metalloproteinases is increased in the AAAs compared
Materials and Methods
Sixty patients undergoing infrarenal AAA repair at * Please address all correspondence to: E. Petersen, Department of Surgery, Umeå University Hospital, S-90185 Umeå, Sweden. were cleaned and dissected and stored at −70°C. 
Extraction of matrix metalloproteinases
Full thickness AAA tissue (approximately 2 g of wet were studied (Table 1 ). Retrospective information on weight) was rinsed twice with 10 volumes of 10 mM age, gender, and diagnosis of chronic obstructive pul-Tris (pH 7.5), 5 mM EDTA, 0.15 M NaCl and 2 mM monary disease or hypertension was obtained. The phenylmethylsulfonylphluoride (PMSF) for 15 min on maximal cross-sectional diameter of the AAA was magnetic stirrer. The specimens were crushed to powmeasured by ultrasound and/or computed tomoder under liquid nitrogen and extracted three times graphy scanning, carried out less than 6 weeks before by vigorous shaking with 10 volumes of 10 mM Tris operation. In two cases of aneurysm rupture no pre-(pH 7.5), 5 mM EDTA, 0.2 M NaCl and 2 mM PMSF operative diameter measures were available and the for 12 h. In some experiments during the extraction diameter of the aneurysms was estimated preprocedure, a protease inhibitor N -p-Tosyl-l-lysin operatively. Because of the known measure error in Chloro-metyl Ketone (TLCK) was added. However, measuring aneurysm diameter, 15 the diameter measthe inclusion of TLCK did not affect expression of ures were corrected to the nearest 0.5 cm. There were MMP-2 or MMP-9 activity or the ratio of pro-enzyme 20 medium-sized (diameter 5-6.5 cm) aAAAs, 20 large to active enzyme. In the third extract of 0.2 M NaCl ([7 cm) aAAAs and 20 rAAAs. Our definition of we found only traces of protein and negligible exmedium-sized and large aneurysms is in accordance pressions of MMP-2 and -9. The first two 0.2 M NaCl with the definition used by other authors. 14 extracts were combined, centrifuged at 20 000 g of The study was approved by the Scientific Ethical 30 min, and filtered millipore 0.2 m. Clear protein solutions were used for zymography. The concentration of protein in each homogenate was measured (mg/ml).
Gelatin zymography
Gelatin zymography 16 no difference in total MMP-2 activity. Consequently, the difference in MMP-9/MMP-2 balance between large aAAAs and rAAAs was caused by significantly lower MMP-9 activity in large aAAAs. No significant differences were found in protein-adjusted total MMP-2 or MMP-9 activity between medium-sized aAAAs and large aAAAs or rAAAs ( Table 2 ).
Discussion
The character of aortic wall appears to differ markedly between different AAAs 13,14,19,20 and may be related to the risk of rupture. Investigating rAAAs and large aAAAs may discover factors promoting rupture. When biopsying the aneurysm wall it is difficult to may be activated or deactivated, and not all the MMPs may be extracted. The use of urea may be necessary find correlations between MMP activity and demoto extract MMPs tightly bound to matrix membranes. 21 graphic variables. The statistical program SPSS for
The ratio MMP-9/MMP-2 was significantly lower Windows 10.0 was used. Statistical significance was in large aAAAs than in rAAAs. This was due to set at 95% (p<0.05).
decreased MMP-9 activity and no change in MMP-2 activity. It may indicate that decreased MMP-9 activity contributes to reduce the potential of rupture. The MMP activity in medium-sized aAAAs falls between Results those of rAAAs and large aAAAs. This group of aneurysms is heterogeneous and results of present MMP-2 and MMP-9 activities are shown in Table 2 , and zymographic patterns in Figure 1 .
analysis are difficult to interpret. Large aAAAs may express lower MMP-9 activity More protein was extracted from large aAAAs (1.38±0.17 mg/ml) than from rAAAs (0.86±0.11 mg/ because of decreased production rate and/or a low content of inflammatory cells, especially macrophages. ml, p<0.05) ( Table 2) , for which reason total activity of MMP-2 and MMP-9 in each sample was appropriately Thus, large aAAAs contain lower levels of MMP-9 messenger RNA compared to medium-sized AAAs. 14 adjusted.
Multiple regression analysis showed that aAAA The presence of Chlamydia pneumoniae may also affect MMP activity. 22 MMP-9 may also be more tightly diameter was significantly negatively correlated to MMP-9 but not to MMP-2 activity (Table 3 ). There bound to tissue membranes in large aAAAs and consequently not removed by extraction. However, the was no correlation between rAAA diameter and MMP-2 activity (r=0.14) or MMP-9 activity (r=0.02). MMP-increased protein extraction achieved in such aneurysms does not support this argument. There may 9/MMP-2 ratio, which was not influenced by differences in protein concentrations between samples, be more inhibitors in large aAAAs. MMP-9 activity was negatively correlated to aAAA diameter because was significantly lower in large aAAAs (1.47±0.12) than in rAAAs (2.46±0.34, p<0.05). There were no increasing diameter reflects a natural selection of aneurysms with low risk of rupture, while those with significant differences in the ratios between medium sized aAAAs and rAAAs or large aAAAs (Fig. 2) .
high risk have ruptured. MMP-9 is principally located to the macrophages of The protein-adjusted activity of total MMP-9 was significantly lower in large aAAAs (1190 au±247) than the adventitia, 12,23 which is the zone of remodelling. 20 MMP-2 is preferentially localised to the media of the in rAAAs (2647 au±498, p<0.05) (Fig. 3) , but there was
